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CYCLES IN SUNSPOT NUMBERS 


by Gerould T. Lane 


\HERE have been many articles written about 

periodicities that are present in the main 

cycle of sunspots. This main cycle varies 
in length from about seven and one-half years to 
sixteen and three-quarter years, and during the 
past two hundred years has averaged about eleven 
years in length. 

This variation in length of the sunspot cycle 
has been the subject of many theories and possi- 
ble explanations, most of which depend upon some 
type of action and positions of the planets, and 
evidence has been offered by means of periodic 
tables to show that there are cycle lengths that 
correspond with certain planetary motions and 
positions. 

While the periodic tables offered in evidence 
showed rather smooth sinusoidal curves, one has 


only to try periodic tables of different lengths , 


to find that a rather smooth curve can be ob- 
tained with any length of periodic table that has 
enough lines, so that cycles or random figures of 
other lengths are depressed to a considerable 
degree. 

This means that, if there are any true cycles 
in sunspot numbers, and if we are to attempt to 
determine their lengths by means of periodic 
tables, it will be necessary to make tables of 
every possible length and then compare or chart 
the amplitudes or strengths shown by all the 
tables. Such a chart is known as a periodogram. 

The first study of sunspot numbers by means 
of a periodogram was made by Sir Arthur Shuster 
about the turn of the century. Many studies have 
Leen,made since, but as far as JI know, they were 
mostly made from the yearly figures, and hence 
could not have short enough steps to make possi- 
ble accurate determinations of indicated cycle 
lengths. 

The preparation of periodic tables requires 
great care in selection of the starting and end- 
ing points so that the tables will not have open 
ends, ‘but will, on repetition, appear as con- 
tinuous waves. In most time series, it 1s neces- 
sary to remove trend lines before good periodic 
tables can be made. This often involves making 
certain assumptions that could very possibly 
have a considerable effect on the results. 

Sunspot numbers have approached guite close to 
zero eighteen times during the last two hundred 
years, and so Ly selecting starting and ending 
points in these low areas, the problem of a trend 
line can be ignored, and any long cycles will 
show only as changes in amplitude of the e- 
leven-year average cycle, and be evident in an 


eleven-year moving average of the yearly numbers. 

In order to give very accurate lengths to the 
indicated cycles, tables varying in length less 
than two one-hundredths of a year were prepared 
in all cases where a peak in strength was shown. 
Two hundred and twenty-six periodic tables were 
prepared for cycle lengths between three and 
thirteen years, and thirty-nine more prepared 
from the eleven-year moving average, from twelve 
to ninety-two years in length. 

For this work the quarter-year values. (Jan. 
1, Apr. 1, July 1, Oct. 1), were taken from the 
“Twelve-Month Bunning Average Relative Sunspot 
Numbers” as published by the Interservice Radio 
Propagation Laboratory, National Bureau of 
Standards, Washington, D. C., as TRPL-R23 issued 
Oct. 1945, “Solar-Cycle Data for Correlation with 
Radio Propagation Phenomena’. From 1945 to 1953, 
the values were calculated using Zurich Provi- 
sional Relative Sunspot Numbers as published in 
the monthly supplements. All figures were adjust- 
ed to the nearest whole number. 

These guarter-year values are shown in Table 
1 and have been plotted on Chart 1 from July 1749 
to October 1952. Generally, however, the values 
used in the periodic tables covered about one 
hundred and ninety-one years, or from 1754 to 
1945. This was necessary in order to have the 
tables start and end as near to zero as possible. 
Jn some cases, it was necessary to expand or 
shrink this period to cover various wave lengths, 
but where this was required, it was still possi- 
ble to start and end the tables at approximately 
the same values, even though considerably above 
zero. 

In preparation of the periodogram, the high 
point, or what might be called the strength of 
each wave length, was recorded. Each table was 
designed to keep the high point in the center so 
the low points were at the ends of the lines 
where there is not a complete column in most 
cases. Generally, the difference between the high 
and low points is shown and called the amplitude 
of the cycle or wave. 

Table 2 shows the relative strengths of the 
two hundred and twenty-six periodic tables be- 
tween three and thirteen years in length. Chart 
2 shows these strengths in graphic form. The 
table also shows the number of lines in each 
periodic table. The gaps on the graph are where 
changes in the number of lines in the table have 
been made as required by the changes in lengths 
of the lines, as every effort was made to use 
data for about the same interval of time. 


It is easily seen from the chart that there 
are pronounced peaks in the graph for the follow- 
ing wave lengths expressed in years: 5.63 - 
7.60 - 8.36 - 8.76 - 9.30 - 9.93 - 10.60 = 
and 11.25, the latter values being much greater 
than the others, and the 9.93 year wave being 
second in importance. Values below three years 
in length were studied but if there are any 
cycles of importance, they are suppressed by 
the twelve-month running average and the use of 
quarter-year values. 

Takle 3 shows the periodic table for 11.25 
years. Each line contains the values for forty- 
five quarter years. Chart 3 shows this periodic 
table in graph form, and in addition gives the 
dates for the next high and low of this cycle 
Lased on the averages of the previous seventeen 
cycles. 

Table 4 and Chart 4 show the periodic table 
for a wave length of 9.93 years. This is the 
second largest cycle and on the chart, the next 
low and high are shown. Table 4 is also a good 
example of the method used to tabulate wave 
lengths that are not whole numbers of quarter 
years. The last colum has but fourteen of the 
nineteen lines, so the wave length expressed is 
fourteen-nineteenths of one-quarter year longer 
than 9.75 years or 9.93 years. 

Charts 5 to 9, inclusive, show the graphs for 
the other wave lengths of importance and the 
dates for the next cycle for each wave length. 
No chart was made for the wave length of 5.463 
years. This wave is apparently the second har- 
monic of 11.25 years and is of minor impor- 
tance. 

Study of these seven wave lengths of greater 
strength in my opinion seemed to show some over- 
all relationship such as harmonics of some long 
cycle. I have shown in the calculation below that 
the wave lengths are very close to the 15th, 
16th, 17th, 18th, 19th, 20th, and 22nd harmonics 
of 168 years. There is'no evidence of the 21st 
harmonic. 

11.250 multiplied by 15 equals 168.75 

10.597 multiplied by 16 equals 169.55 

9.934 multiplied by 17 equals 168.89 

9.300 multiplied by 18 equals 167.40 

8.762 multiplied by 19 equals 166.48 

8.359 multiplied by 20 equals 167.18 

7.600 multiplied by 22 equals 167.20 
Average - 167.92 years 

The question remains whether this apparent 
harmonic relationship was forced by randoms about 
168 years apart, or whether the unusual strength 
at the 168 year intervals was in fact the résult 
of the cycles. Further work is necessary to 
clarify this point. 

This harmonic relationship of the waves 
found showed the need of a periodogram covering 
longer wave lengths. To make such tables having 
any value, it was necessary to depress these 
strong shorter cycles already found and especial - 
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ly the very strong cycle, 11.25 years in length. 
This was done by making an eleven-year running 
average of the January 1 values of the num- 
bers shown in Table ]. This running average 
is shown on Chart 10. 

The values of the eleven-year moving average 
were used to prepare thirty-nine periodic 
tables, between eleven and ninety-two years in 
length. The larger the wave length, the more 
crude was the table as there were fewer lines to 
each table, and it was more difficult to start 
and end the tables at the same values. 

The strengths shown in each of the thirty- 
nine tables are plotted on Chart 1] and con- 
stitute a periodogram of the wave lengths cover- 
ed by the tables. The shorter wave lengths are 
depressed to a much greater degree by the 
eleven-year running average. On a very crude 
form, we again find harmonics of some value that 
could be 168 years, as below. 

84 multiplied by 2 equals 168 

42 multiplied by 4 equals 168 

26 multiplied by 6 equals 156 

20 multiplied by 8 equals 160 

16 multiplied by 10 equals 160 

13 multiplied by 12 equals 156 

12 multiplied by 14 equals 168 
In addition to the above possible barmonics of 
168 years, we can also see a 60-year, a 30-year, 
and possibly a 52-year cycle. 

This periodogram and also Chart 10 show that 
the second harmonic of 168 years or a cycle 84 
years in length is probably of great importance. 
Periodic tables of this length contained but two 
lines so it seemed wise to try to verify this 
length of eighty-four years by means of a running 
average of the eleven-year running average. A 
forty-two year average was selected as about the 
shortest that would give a smooth result. 

Chart 12 shows this forty-two year running 
average plotted along with the eleven-year moving 
average as shown on Chart 10. Again, we are 
limited in our evidence by the loss of values at 
each end of the time series, but we do find a 
low point in 1814 and another in 1898 or exactly 
eighty-four years later. 

For the benefit of those who believe that 
there is a planetary cause of sunspots, we 
should now look for correlations with motions 
and positions of the planets. At first glance, 
the 11.25 year cycle is much too short for the 
quarter-synodic period of Saturn and Uranus which 
is 11.34. However, these two planets vary a great 
deal in their angular velocities according to 
their distances from the sun. Their quarter 
synodic periods vary from 9.3 years to 13.5 years 
and, for the time under study, the periods aver- 
aged just over 11.25 years. 

This is an interesting correlation, but re- 
quires further study and proof before it can be 
accepted that the major cycle in sunspots is 
caused by the motions and positions of these two 


WINTER _ 1954 


2 


LS SS 


planets. If Saturn and Uranus do cause this 
cycle, a greater strength should be shown by a 
table that is prepared using, as a starting 
point for each line, some position in the quarter 
synodic period of the planets rather than lines 
of rigid length. If less strength is shown, we 
would be justified in saying that there is no 
relationship between the major sunspot cycle and 
the quarter synodic period of Saturn and Uranus. 

This turned out to be a major task, as the 
heliocentric longitudes for Saturn and Uranus 
have been published for but a part of the period 
covered by this study. Calculations for the 
years not published were made from “lhe Helio- 
centric Equatorial Coordinates of the Five 
Outer Planets’’ as published by the U. S. Naval 
Observatory. 

Various tables were made, starting the lines 
at different positions of the two planets, and 
it was found that, when Saturn was thirty-five 
heliocentric degrees past its quarter synodic 
period with Uranus, the greatest strength was 
obtained. I call these “Epoch ‘lables” to dis- 
tinguish them from the fixed length periodic 
tables. 

While each line was started at thirty-five 
degrees, the maximum in the table came sixteen 
quarter years, or four years later, and was an 
average of eighty-three sunspot numbers compared 
to seventy-eight for a rigid periodic table of 
11.25 years. The values of the two tables are 
plotted on Chart 13 which shows, for the Epoch 
Table, not only a greater strength or maximum 
value, but also a lower minimum, giving an over- 
all amplitude of nine sunspot numbers more than 
the rigid table. 

This is a very startling result and is very 
difficult to explain in any way other than by 
the actions of the planets. No other arrangement 
of sunspots in lines equals the strength of the 
quarter synodic period of Saturn and Uranus. As 
has been shown, the maximum values of. rigid 
lengths of lines were considerably less. 

The next cycle of importance in the periodo- 
gram has a length of 9,93. This is exactly 
the theoretical and also the actual length of the 
half-synodic period of Jupiter and Saturn. It 
seems to be a secondary cycle, as it shows 
strength only when Saturn and Uranus are in 
certain ranges of positions. 

One might ask why Saturn and Uranus show 
strength of sunspots each quarter synodic period 
rather than each one-half synodic period as do 
Jupiter and Saturn, This could be explained by 
considering the major sunspot cycle as 22,50 
years, as alternate cycles of the 11.25 cycle 
are positive and negative. In other words, in 
each one-half synodic period of Saturn and 
Uranus, there is a positive sunspot cycle, which 
is followed by a negative one. The positive 
cycle may act to cause high pressure areas on 
the surface of the sun. Gases moving from a high 


pressure area are anticyclonic and move in a 
clockwise direction. If the gases consist of 
charged particles, this will cause a positive 
magnetic effect or a south pole attraction. 

The negative cycle may produce low pressure 
areas on the sun. Gases moving to a low pressure 
area are cyclonic and move in a counterclockwise 
direction. With charged particles, this will 
ptoduce a north pole seeking or negative magnetic 
charge. 

A great deal more study must be carried on, 
not only to verify these findings but to explain 
why no other planetary motions are shown in the 
main sunspot cycle. The other cycle shown in 
the periodogram have no planetary correlations 
that I can find. They may be harmonics of the 
168 year cycle caused by 17 cycles of 11.25 years 
and 19 cycles of 9.93 years. 

Perhaps planets, in order to cause sunspots, 
must have slow enough relative motions to be in 
active positions for a considerable period of 
time. Planets nearer the sun move much more 
rapidly and are in certain positions with other 
planets for a very short time. This might explain 
why Nelson at R.C.A. finds solar flares only 
under such conditions. 

Another possible reason why Jupiter, Saturn, 
and Uranus could be the major factors in the 
cause of sunspots is that they are very oblate, 
having very large equatorial bulges, and that 
the equators of Saturn and Uranus are many de- 
grees out of line with the planes of their e- 
guators. They are also revolving very rapidly. 
Their Lulges are acted upon by the sun and the 
bulge of the sun is acted upon by the planets. 
This is what is known as a couple and the re- 
sulting forces are said to be much greater than 
the tidal effect. 

The earth has a bulge that is shown by the 27- 
mile difference in diameter at the equator com- 
pared with the polar measurement. The attraction 
of the sun on this small bulge causes the pre- 
cession of the eqinoxes, which is the clockwise 
motion of the poles over a period of twenty-six 
thousand years. 

Jupiter, Saturn and probably Uranus have 
bulges of many thousands of miles, which must 
have very strong action on the gases at the bulge 
of the sun. The attraction cannot be calculated 
as the densities of the equatorial bulges of the 
planets are not known. 

Tf these forces are of sufficient strength, 
combined forces of the planets in certain re- 
lative positions could cause high pressure areas 
approaching the equator of the sun on the aver- 
age of every 22.68 years and then, on the aver- 
age, low pressure areas 11.34 years later. The 
gases of the sun leaving the high pressure areas 
would move clockwise and cause positive magnetic 
charges and later, the gases moving towards the 
low pressure areas would move counterclockwise 
and cause negative magnetic charges. 
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